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OPTICAL AMPLIFIER 
BACKGROUND OF THE INVENTION 

(1 ) Field of the Invention 

The present invention relates to an optical amplifier for amplifying wavelength 
division multiplexed signal light. In particular the invention relates to an optical 
amplifier for collectively amplifying wavelength division multiplexed signal light which 
includes optical signals of two wavelength bands. 

(2) Description of the Related Art 

With conventional long distance light transmission systems, light transmission 
is performed using light regeneration repeaters which convert optical signals into 
electric signals to effect re-timing, re-shaping, and re-generating. However recently, 
with progress in the utilization of optical amplifiers, optical amplifier repeater 
transmission systems which use optical amplifiers as linear repeaters are being 
investigated. By replacing a light regeneration repeater with an optical amplifier 
repeater, the number of parts in the repeater can be greatly reduced, with the 
prospect of maintaining reliability and greatly reducing costs. 

Furthermore, as one method of realizing a large capacity of an optical 
transmission system, a wavelength division multiplexed (WDM) light transmission 
system which multiplexes and transmits two or more optical signals having different 
wavelengths on a single optical transmission path is attracting attention. In a WDM 
optical amplifier repeater transmission system with the abovementioned optical 
amplifier repeater transmission system combined with a WDM light transmission 
system, it is possible to collectively amplify, WDM signal light using an optical 
amplifier, thus enabling the realization of large capacity and long distance 
transmission with a simple (economic) construction. 

For the wavelength band of the WDM signal light used in the 
abovementioned conventional optical transmission system, in addition to a so called 
C band of a 1550nm band, recently a so called L band of a 1580nm band is being 
investigated. Moreover, a WDM optical amplifier repeater transmission system 
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where both are transmitted on a single transmission line (a C/L band WDM optical 
amplifier repeater transmission system) is being investigated. 

As an optical amplifier having an optical amplification band in both the C band 
and the L band, there is known for example an article "Recent Research Progress 
in Broadband Optical Fiber Amplifiers " by Yamada et al, Technical Report of IEICE. 
OCS 97-42, ED 97-132 OPE 97-87 LQE 97-87 (1997-11). The present optical 
amplifier, as shown in FIG. 23 is of a simple parallel construction where an input 
WDM signal light is demultiplexed by a demultiplexer into a C band and an L band, 
and after being respectively amplified in a C band optical amplifying section and an L 
band optical amplifying section, is multiplexed by a multiplexer and then output. 

However, since the demultiplexer is provided on the input side of the 
respective C band and the L band optical amplifying sections, there is a problem that 
the noise figure deteriorates by the insertion loss portion. As a technique for coping 
with this, there is known for example an optical amplifier disclosed for example in 
"Optical Amplifiers and their Applications, Post deadline 2 of '97 published by 
Lucent Technologies. A schematic construction of this is shown in the block 
diagram of FIG. 24. With the construction of FIG. 24, a C/L band optical amplifying 
section having an amplifying band in both the C band and the L band is arranged in 
the pre-stage of the demultiplexer in the construction of FIG. 23. Hence at least a 
gain equal to or greater than the insertion loss part of the demultiplexer is ensured 
by the C/L band optical amplifying section, so that an improvement in the noise 
figure is achieved. 

However, with the above mentioned C/L band optical amplifier, there is the 
drawback in that there are many cases where the noise figure for the C band optical 
amplifying section and the noise figure for the L band optical amplifying section are 
different, so that in general, the optical SN ratio for the optical signal of the L band 
deteriorates compared to that for the optical signal of the C band. More specifically, 
in the case where an optical fiber amplifier which uses rare earth element doped 
fiber is employed in the optical amplifying sections of the respective bands, it is 
known that the noise figure for the L band optical amplifying section deteriorates by 
1dB. 
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Furthermore, with the optical amplifier of the construction as shown in FIG. 24, 
since this has three or more optica! fiber amplifier sections, the number of excitation 
light sources also increases. As a result, the power consumption of the overall 
optical amplifier increases. In particular, in the case where, as with optical amplifiers 
used for example as undersea repeaters or the like, there are restrictions from the 
view point of installation space, power consumption or other factors, it is difficult to 
realize a construction such as shown in FIG. 24. 

Furthermore, it is also important to control the balance of the optical power of 
the C band and the L band. That is to say, in the case of a setting where the 
number of optical signals (channel number) included in the respective bands is 
different, or in the case where this setting is changed during operation, it is 
necessary to appropriately control the respective operations of the optical amplifying 
sections for the respective bands to ensure the required transmission characteristics. 

SUMMARY OF THE INVENTION 

The present invention focuses on the above points, with a first object of 
providing an optical amplifier for performing amplification of optical signals of two 
wavelength bands, wherein deterioration in the relative optical SN ratio for one 
wavelength band is reduced. Moreover, a second object is to provide an optical 
amplifier of a simple construction which can deal with restrictions on installation 
space, power consumption and the like. Furthermore, a third object is to provide an 
optical amplifier enabling the balance control of the optical power with respect to 
respective wavelength bands is possible. 

In order to achieve the abovementioned objects, a first aspect of an optical 
amplifier according to the present invention for amplifying wavelength division 
multiplexed signal light which contains respective optical signals of a first wavelength 
band (for example 1550nm band etc.) and a second wavelength band (for example 
1580nm band etc.), comprises an optical amplifying device for amplifying the 
wavelength division multiplexed signal light using a rare earth element doped fiber to 
which excitation light is supplied, wherein the excitation light used by the optical 
amplifying device has a wavelength capable of producing Raman amplification with 
respect to optical signals of the second wavelength band, and by supplying a part of 
the excitation light used in the optical amplifying device to a Raman amplification 
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producing medium which forms at least a part of an external transmission path 
arranged on a pre-stage side of the optical amplifying device, wavelength division 
multiplexed signal light which contains optical signals of the second wavelength 
band which have been Raman amplified by the Raman amplification producing 
medium, are input to the optical amplifying device. 

With such a construction, the optical signals of the second wavelength band 
can be Raman amplified, by employing a part of the excitation light used in the 
optical amplifying device. Hence the optical signals of the second wavelength band 
which have been Raman amplified are amplified by the optical amplifying device. As 
a result, the optical SN ratio for the second wavelength band is improved, and 
optical signals with uniform characteristics in the respective wavelength bands can 
be obtained. 

As one specific construction for the above mentioned optical amplifier, there 
may be provided a demultiplexing device for demultiplexing the wavelength division 
multiplexed signal light into respective optical signals of a first wavelength band and 
a second wavelength band, and a multiplexing device for multiplexing respective 
optical signals of the first wavelength band and the second wavelength band which 
have been demultiplexed by the demultiplexing device, and the optical amplifying 
device may have a first amplifying section for amplifying optical signals of the first 
wavelength band which have been demultiplexed by the demultiplexing device, and 
a second amplifying section for amplifying optical signals of the second wavelength 
band which have been demultiplexed by the demultiplexing device, the construction 
being such that by supplying via the demultiplexing device a part of the excitation 
light used in the first amplifying section to the Raman amplification producing 
medium, optical signals of the second wavelength band which have been Raman 
amplified by the Raman amplification producing medium, are input via the 
demultiplexing device to the second optical amplifying section. 

Furthermore, as another specific construction for the abovementioned optical 
amplifier, there may be provided a demultiplexing device for demultiplexing the 
wavelength division multiplexed signal light into respective optical signals of a first 
wavelength band and a second wavelength band, and a multiplexing device for 
multiplexing respective optical signals of the first wavelength band and the second 
wavelength band which have been demultiplexed by the demultiplexing device, and 
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the optical amplifying device may have a pre-stage amplifying section for collectively 
amplifying the wavelength division multiplexed signal light input to the demultiplexing 
device, and a second optical amplifying section for amplifying only optical signals of 
the second wavelength band which have been demultiplexed by the demultiplexing 
device, the construction being such that by supplying a part of the excitation light 
used in the pre-stage optical amplifying section to the Raman amplification 
producing medium, wavelength division multiplexed signal light which contains 
optical signals of the second wavelength band which have been Raman amplified by 
the Raman amplification producing medium are input to the pre-stage optical 
amplifying section. 

Another aspect of an optical amplifier according to the present invention for 
amplifying wavelength division multiplexed signal light which contains respective 
optical signals of a first wavelength band (for example a 1550 nm band etc.) and a 
second wavelength band (for example a 1580nm band etc.) may comprise a pre- 
stage optical amplifying device for collectively amplifying respective optical signals of 
the first wavelength band and the second wavelength band for the wavelength 
division multiplexed signal light a demultiplexing device for demultiplexing the 
wavelength division multiplexed signal light which has been amplified by the pre- 
stage amplifying device into optical signals of a first wavelength band and optical 
signals of a second wavelength band, a post-stage optical amplifying device for 
amplifying only optical signals of the second wavelength band which have been 
demultiplexed by the demultiplexing device, and a multiplexing device for 
multiplexing optica! signals of the first wavelength band which have been 
demultiplexed by the demultiplexing device, and optical signals of the second 
wavelength band which have been amplified by the post-stage optical amplifying 
device. 

With such a construction, in the pre-stage optical amplifying device provided 
at the input stage, the optical signals of the first wavelength band are amplified to a 
sufficient level, while for the optical signals of the second wavelength band, the 
insufficient gain portion is amplified by the post-stage optical amplifying device. As a 
result, the construction can be simplified compared to the conventional optical 
amplifier. 
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Furthermore 1 the abovementioned optical amplifier is preferably constructed 
to comprise a first power monitor device for monitoring the optical signal power of 
the first wavelength band which has been demultiplexed by the demultiplexing 
device, a second power monitor device for monitoring the optical signal power of the 
second wavelength band which has been amplified by the post-stage optical 
amplifying device, and an optical power deviation control device for controlling the 
operation of at least one of the pre-stage optical amplifying device and the post- 
stage optical amplifying device in response to the respective monitor results of the 
first and second power monitor devices, so that the optical power deviation for the 
first and the second wavelength bands becomes constant 

With such a construction, balance control of the optical power of the first 
wavelength band and the second wavelength band is performed. As a result, the 
optical amplification for the respective wavelength bands can be more stably 
performed. Moreover, it is possible to flexibly correspond to changes in the 
channels being used. 

By combining the two aspects of the optical amplifier according to the present 
invention as described above, that is to say, by Raman amplifying the optical signals 
of the second wavelength band using a part of the excitation light used in the optical 
amplifying device, and omitting the first optical amplifying section for amplifying the 
demultiplexed optical signals of the first wavelength band, the construction can be 
simplified. Moreover, a construction is also possible where balance control for the 
respective wavelength bands is performed. 

Other objects, features and advantages of the present invention will become 
apparent from the following description of embodiments given in conjunction with the 
appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a basic construction of an optical amplifier 
according to a first embodiment of the present invention. 

FIG. 2 is a diagram showing an example of a transmission path used in the 
above mentioned first embodiment. 
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FIG. 3 is a diagram with wavelength characteristics related to gain per unit 
length of a typical EDF shown for each population inversion rate. 

FIG- 4 is a block diagram showing a basic construction of an optical amplifier 
according to a second embodiment of the present invention. 

FIG. 5 is a block diagram showing a construction of an optical amplifier 
according to a third embodiment of the present invention. 

FIG. 6 is a diagram showing another structural example related to the third 
embodiment 

FIG. 7 is a block diagram showing a construction of an optical amplifier 
according to a fourth embodiment of the present invention. 

FIG. 8 is a block diagram showing a basic construction of an optical amplifier 
according to a fifth embodiment of the present invention. 

FIG. 9 is a block diagram showing a construction of an optical amplifier 
according to a sixth embodiment of the present invention. 

FIG. 10 is a diagram showing another structural example related to the sixth 
embodiment 

FIG. 11 is a block diagram showing a construction of an optical amplifier 
according to a seventh embodiment of the present invention. 

FIG. 12 is a diagram showing another structural example related to the 
seventh embodiment. 

FIG. 13 is a block diagram showing a basic construction of an optical 
amplifier according to an eighth embodiment of the present invention. 

FIG. 14 is a diagram showing a specific structural example (1) of the eighth 
embodiment. 

FIG. 15 is a diagram showing a specific structural example (2) of the eighth 
embodiment 

FIG. 16 is a diagram showing a modified example related to the structural 
example (2) of the eighth embodiment. 

FIG. 17 is a diagram showing a specific structural example (3) of the eighth 
embodiment 

FIG. 18 is a diagram showing a modified example related to the structural 
example (3) of the eighth embodiment. 

FIG. 19 is a diagram showing a specific structural example (4) of the eighth 
embodiment 

FIG. 20 is a diagram showing a specific structural example (5) of the eighth 
embodiment 
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FIG. 21 is a diagram showing a specific structural example (6) of the eighth 
embodiment. 

FIG. 22 is a block diagram showing a schematic construction for where a 
processing function for a supervisory control signal is provided in the respective 
embodiments of the present invention. 

FIG. 23 is a block diagram showing a construction of a conventional C/L band 
optical amplifier. 

FIG. 24 is a block diagram showing the construction of a conventional C/L 
band optical amplifier for compensating insertion losses of a demultiplexing device. 

EMBODIMENTS OF THE INVENTION 

Hereunder is a description of embodiments of the present invention based on 
the drawings. 

FIG. 1 is a block diagram showing a basic construction of an optical amplifier 
according to a first embodiment. 

In FIG. 1 , the present optical amplifier has a demultiplexer 1 serving as a 
demultiplexing device for demultiplexing WDM signal light input from an external 
transmission path L via a terminal IN, into a C band optical signal and an L band 
optical signal, a C band optical amplifying section 2 serving as a first optical 
amplifying section for amplifying the C band optical signals which have been 
demultiplexed by the demultiplexer 1 , an L band optical amplifying section 3 serving 
as a second optical amplifying section for amplifying the L band optical signals which 
have been demultiplexed by the demultiplexer 1 , and a multiplexer 4 serving as a 
multiplexing device for multiplexing optical signals which have been respectively 
amplified by the C band optical amplifying section 2 and the L band optical 
amplifying section 3, and outputting these to the outside via a terminal OUT. 

Here, the C band corresponds to a first wavelength band. More specifically, 
this represents a wavelength band (1550nm band) for example from 1525 to 
1565nm. Furthermore, the L band corresponds to a second wavelength band. More 
specifically, this represents a wavelength band (1580nm band) for example from 
1565 to 1610nm. However, the first and second wavelength bands applicable to the 
present invention, are not limited to the above mentioned range. 
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The C band optical amplifying section 2 includes for example an erbium 
doped fiber (hereunder EDF) 2A, a WDM coupler 2B, an excitation light source (LD) 
2C 5 and an optical isolator 2D. 

The EDF 2A is a known rare earth doped fiber with erbium (Er) doped into an 
optical fiber. The length etc. thereof is optimized so as to have an amplifying band at 
least for the C band. The specific setting of this EDF 2A is described later. The 
WDM coupler 2B is an optical coupler for supplying excitation light generated by the 
excitation light source 2C, to the EDF 2Afrom a rear side. The excitation light source 
2C is a typical light source which generates excitation light of a wavelength band (for 
example 1480nm band etc.) which can excite the erbium inside the EDF 2A, and 
which can produce Raman amplification inside the external transmission path L with 
respect to L band optical signals. The optical isolator 2D is a typical optical 
component which passes light only in a direction from the WDM coupler 2B towards 
the multiplexer 4. 

The L band optical amplifying section 3 comprises for example an optical 
isolator 3A, a WDM coupler 3B, an EDF 3C, and an excitation light source (LD) 3D. 

The optical isolator 3A only passes light in a direction from the demultiplexer 
1 towards the WDM coupler 3B. The WDM coupler 3B is an optical coupler which 
couples L band optical signals which have passed through the optical isolator 3A 
with excitation light generated by the excitation light source 3D, and supplies this to 
the EDF 3C. The EDF 3C is a known rare earth doped fiber with erbium doped into 
an optical fiber. The length etc. thereof is optimized so as to have an amplifying 
band only for the L band. The specific setting of this EDF 3C is also described later. 
The excitation light source 3D is a typical light source which generates excitation 
light of a wavelength band (for example the 980nm band or the 1480 band etc.) 
which can excite the erbium inside the EDF 3C. 

In the case where L band optical amplification is performed using the EDF, in 
consideration of the influence of the generation of spontaneous emission (ASE) light, 
in general this is made a forward excitation type construction. However, there is also 
the case where excitation light is also supplied from the rear side of the EDF, that is 
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to say this is made a bidirection excitation type, to achieve an improvement in 
excitation efficiency. 

Furthermore, with the external transmission path L connected to the present 
optical amplifier, an optical fiber designed with the non-linear effective cross section 
reduced compared to a 1.3|jm zero dispersion single mode fiber (SMF) generally 
used as an optical transmission path, so that the production of Raman amplification 
is facilitated, is used at least on the side connected to the terminal IN of the optical 
amplifier. 

More specifically, for example as shown in FIG. 2, it is suitable to employ a 
hybrid transmission path which uses a positive dispersion fiber (for example a 1 ,3 
jjm zero dispersion SMF etc.) with a relatively large non-linear effective cross 
section having a positive wavelength dispersion value and a positive dispersion 
slope with respect to the signal light wavelength band, in a first half of a repeater 
section (the output side of the optical amplifier), and a negative dispersion fiber RDF 
with a relatively small non-linear effective cross section having a negative 
wavelength dispersion value and a negative dispersion slope, in a last half of the 
repeater section (the input side of the optical amplifier). By applying this hybrid 
transmission path, the excitation light of 1480nm which has leaked out from the input 
terminal of the optical amplifier is supplied to the RDF, so that effectively, Raman 
amplification is produced with respect to the L band optical signal. Furthermore, 
concurrent with this, the wavelength dispersion and dispersion slope produced by 
the first half 1 .3 pm zero dispersion SMF are compensated for by the last half RDF. 
The technique for transmitting WDM signal light using such a hybrid transmission 
path has been previously proposed by the present applicant (refer to Japanese 
Patent Application No. 11-58499, and Japanese Patent Application No. 11-104158). 

The transmission path L connected to the optical amplifier according to the 
present invention is not limited to a hybrid transmission path such as described 
above, and may be one where an optical fiber with a non-linear effective cross 
section which is smaller than a 1 .3(jm zero dispersion SMF, is used over the entire 
region of the repeater section. Moreover, as an optical fiber with a small non-linear 
effective cross section, other than the above mentioned RDF, for example a 
dispersion shifted fiber (DSF) or the like may be used. 
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Here is a description concerning the setting conditions for an EDF having an 
amplifying band in the above mentioned C band or L band. 

FIG. 3 is a diagram with wavelength characteristics related to gain per unit 
length of a typical EDF shown for each population inversion rate (0.0 ~ 1 .0). 

As shown in FIG. 3, for the C band (1550nm band), this has a positive gain 
when the population inversion rate is approximately 0.55 or more. For the L band 
(1580nm band), this has a positive gain when the population inversion rate is 
approximately 0.4 or more, however, if the population inversion rate increases, the 
wavelength dependency of the gain increases. For the L band, the population 
inversion rate where a comparatively flat gain wavelength characteristic can be 
obtained is around a range of 0.45 ~ 0.55. 

Consequently, with the C band optical amplification, the length and excitation 
optical power of the EDF 2A is set so that the average population inversion rate in 
the longitudinal direction of the EDF 2A is 0.55 or more. By so doing, the C band 
optical signal can be amplified up to a required level. In the case of this setting, 
although the L band optical signal can also be amplified, the gain thereof is smaller 
than the gain of the C band with the characteristic that the gain deviation with 
respective to wavelength is also large. On the other hand, with the L band optical 
amplification, the length and excitation optical power of the EDF 3C is set so that the 
average population inversion rate in the longitudinal direction of the EDF 3C is in the 
range of 0.45 ~ 0.55. By so doing, only the L band optical signal can be amplified at 
a flat gain wavelength characteristic. The L band optical amplification with such a 
low population inversion rate can be realized, with a method such as where the 
typical EDF used in the C band optical amplification is lengthened and the 
population inversion rate reduced. 

Here is a brief description concerning the above mentioned Raman 
amplification. 

Raman amplification is a phenomenon where, by supplying a required 
excitation light to a Raman amplification producing medium, an optical signal 
propagated inside the Raman amplification producing medium is amplified. The 
wavelength band where Raman amplification is produced is known to change in 
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accordance with the wavelength band of the Raman excitation light. More 
specifically, with a wavelength band used for optical communication, it can be 
considered that Raman amplification is produced in a wavelength band shifted from 
a Raman excitation light wavelength by approximately 100nm to the long 
wavelength side. Furthermore, Raman amplification has the characteristic of being 
easily produced in an optical fiber where the non-linear effective cross section is 
small. Consequently, with the construction shown in FIG. 1 , in the C band optical 
amplifying section 2, Raman amplification is produced with respect to optical signals 
of the L band (1580nm band) inside the small non-linear effective cross section RDF 
of the transmission path L to which the excitation light of the wavelength 1480nm 
band output from the excitation light source 2C is supplied. 

Next is a description of the operation of the optical amplifier of the first 
embodiment. 

With the present optical amplifier, due to the excitation light of the 1480nm 
band leaked out to the transmission path L from the C band optical amplifying 
section 2 via the demultiplexer 1 and the terminal IN, Raman amplification is 
produced in the transmission path L with respect to the L band optical signal, and 
the WDM signal light which contains the L band optical signals which have been 
Raman amplified, is input to the demultiplexer 1 via the terminal IN. 

In the demultiplexer 1 , the input WDM signal light is demultiplexed for each of 
the respective bands, and the C band optical signal is sent to the C band amplifying 
section 2, and the L band optical signal is sent to the L band optical amplifying 
section 3. In the C band optical amplifying section 2, the optical signal from the 
demultiplexer 1 is sent to the EDF 2A. The excitation light from the excitation light 
source 2C is supplied to the EDF 2A via the WDM coupler 2B to give the excited 
condition of the EDF 2A. Then, the C band optical signal is propagated inside the 
EDF 2A and amplified to a required level by the induced emission. The amplified C 
band optical signals are then sent to the multiplexer 4 via the WDM coupler 2B and 
the optical isolator 2D. 

In the L band optical amplifying section 3, the Raman amplified L band optical 
signal which has been sent from the demultiplexer 1 , is sent to the EDF 3C via the 
optical isolator 3A and the WDM coupler 3B. The excitation light of the wavelength 
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1480nm band from the excitation light source 3D is supplied to the EDF 3C via the 
WDM coupler 3B to give the excited condition of the EDF 3C. Then, the L band 
optical signal is propagated inside the EDF 3C and amplified to a required level by 
the induced emission. 

Optical signals of each band which have been respectively amplified by the C 
band optical amplifying section 2 and the L band optical amplifying section 3 are 
sent to the multiplexer 4 to be multiplexed, and then output to the outside of the 
present amplifier via the terminal OUT. 

With the first embodiment as described above, the construction is such that 
the excitation light of the 1480nm band supplied to the EDF 2A in the C band optical 
amplifying section 2 is leaked out to the external transmission path L via the 
demultiplexer 1 and the terminal IN, and by using a part of the excitation light to the 
EDF 2A to produce Raman amplification in the transmission path L, the optical 
signal level of the L band which is contained in the WDM signal light input to the 
present optical amplifier, increases. Therefore, the optical SN ratio of the L band 
optical signal output from the L band optical amplifying section 3 can be improved. 
As a result, the optical SN ratio where heretofore the L band is deteriorated 
compared to the C band, can be given approximately the same characteristics by 
using Raman amplification. 

Next is a description of a second embodiment of the present invention. 

FIG. 4 is a diagram showing a basic construction of an optical amplifier 
according to the second embodiment. Parts of the same construction as for the first 
embodiment are denoted by the same reference numerals. The same applies for 
the subsequent figures. 

In FIG. 4, the optica! amplifier has a C/L band optical amplifying section 5 as 
a pre-stage amplification section for amplifying WDM signal light input from an 
external transmission path L via a terminal IN, a demultiplexer 1 for demultiplexing 
optical signals which have been amplified by the C/L band optical amplifying section 
5 into a C band optical signal and an L band optical signal, an L band optical 
amplifying section 3 for amplifying L band optical signals which have been 
demultiplexed by the demultiplexer 1 , and a multiplexer 4 for multiplexing the C band 
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optical signals which have been demultiplexed by the demultiplexer 1 , and the L 
band optical signals which have been amplified by the L band optical amplifying 
section 3, and outputting these to an external transmission path L via a terminal 
OUT. 

The C/L band optical amplifying section 5 comprises for example an EDF 5A, 
a WDM coupler 5B, an excitation light source (LD) 5C, and an optical isolator 5D. 

With the EDF 5A, one end is connected to the terminal IN, and the other end 
is connected to the WDM coupler 5B, and excitation light generated by the excitation 
light source 5C is supplied from a rear side via the WDM coupler 5B. With this EDF 
5A, the length thereof is optimized so that this has an amplification band for both the 
C band and the L band. More specifically, as with the case for the optical 
amplification of the C band described above using FIG. 3, the length etc. is set so 
that the average population inversion rate in the longitudinal direction of the EDF 5A 
is 0.55 or more. As a result, the respective optical signals of the C band and the L 
band are amplified. However, for the optical amplification of the L band, the 
characteristics are such that the gain thereof is very much smaller than the gain for 
the C band, and the gain wavelength characteristics also have a comparatively large 
slope. The excitation light source 5C is a typical light source which can excite the 
erbium inside the EDF 5A, and which generates excitation light of a wavelength 
band (for example the 1480nm band) which can activate Raman amplification inside 
the external transmission path L with respect to the L band optical signal. The 
optical isolator 5D passes only light in a direction from the WDM coupler 5B towards 
the demultiplexer 1 . 

The demultiplexer 1, the L band optical amplifying section 3 and the 
multiplexer 4 are the same as those used in the first embodiment, and hence 
description is omitted. Furthermore, for the external transmission path L connected 
to the present optical amplifier, as with the case of the first embodiment, an optical 
fiber where the non-linear effective cross section is small compared to the typical 
1.3pm zero dispersion SMF so that Raman amplification can be easily produced, is 
at least used on the side connected to the terminal IN of the optical amplifier. 
Preferably a hybrid transmission line as shown in FIG. 2 is used with two types of 
optical fiber connected together. 
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Next is a description of the operation of the optical amplifier of the second 
embodiment. 

With the present optical amplifier, due to the excitation light of the 1480nm 
band leaked out to the transmission path L from the C/L band optical amplifying 
section 5 via the terminal IN, Raman amplification is produced in the transmission 
path L with respect to the L band optical signals, and the WDM signal light which 
contains the L band optical signals which have been Raman amplified, is input to the 
C/L band optical amplifying section 5 via the terminal IN. 

With the WDM signal light input to the C/L band optical amplifying section 5, 
the respective optical signals of the C band and the L band are collectively amplified. 
By means of the amplifying affect of the C/L band optical amplifying section 5, 
insertion losses in at least the post-stage demultiplexer 1 are compensated for. 

The WDM signal light output from the C/L band optical amplifying section 5 is 
demultiplexed for each of the respective bands by the demultiplexer 1, and the L 
band optical signals are sent to the L band optical amplifying section 3. In the L 
band optical amplifying section 3, as with the case of the first embodiment, the L 
band optical signals are amplified to a required level by induced emission. Then, the 
C band optical signals demultiplexed by the demultiplexer 1, and the L band optical 
signals amplified by the L band optical amplifying section 3 are sent to the 
multiplexer 4 and coupled, and then output to the transmission path L via the 
terminal OUT. 

As described above, with the second embodiment, the construction is such 
that there is provided the C/L band optica! amplifying section 5 between the terminal 
IN and the demultiplexer 1, and in the C/L band optical amplifying section 5, the 
excitation light of the 1480nm band supplied to the EDF 5A leaks out to the external 
transmission path L via the terminal IN. Furthermore, since the input level of the L 
band optical signal input to the present optical amplifier increases by producing 
Raman amplification in the transmission path L with respect to the L band optical 
signal, the optical SN ratio of the L band optical signal for the overall optical amplifier 
can be improved. As a result, the optical SN ratio where heretofore the L band is 
deteriorated compared to the C band, can be given approximately the same 
characteristics by using Raman amplification. Of course, as with the conventional 
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case, since the insertion losses of the demultiplexer 1 are also compensated for by 
the C/L band optical amplifying section 5, there is also the effect of suppressing 
deterioration of the noise figure due to insertion of the demultiplexer 1 . 

Next is a description of a third embodiment of the present invention. 

With the third embodiment, the case is considered where for example in the 
second embodiment described above, compensation for the wavelength dispersion 
and dispersion slope, or compensation for the gain wavelength characteristics can 
be executed inside the optical amplifier. 

FIG. 5 shows a structural example of an optical amplifier according to the 
third embodiment. 

In FIG. 5, the construction of the present optical amplifier is such that 
compensation optical devices 6C and 6L are respectively provided on the light 
transmission paths corresponding to the respective bands, between the 
demultiplexer 1 and the multiplexer 4. Here, the compensation optical device 6C 
corresponding to the C band is inserted between the demultiplexer 1 and the 
multiplexer 4, while the compensating optical device 6L corresponding to the L band 
is inserted between the L band optical amplifying section 3 and the multiplexer 4. 
The insertion position of the compensating optical device 6L, while not shown in the 
figure, may be between the demultiplexer 1 and the L band optical amplifying section 
3. 

For the respective compensating optical devices 6C and 6L, for example 
these may be typical optical passive parts such as a dispersion compensating fiber 
(DCF) or a fiber grating used for compensating for wavelength dispersion and 
dispersion slope which are produced and accumulates in the transmission path L 
connected to the present optical amplifier. Alternatively, these may be known gain 
equalizers having a loss wavelength characteristic corresponding to the gain 
wavelength characteristics of the C/L band optical amplifying section 5 or the L band 
optical amplifying section 3. In the case where dispersion compensation and 
compensation for gain wavelength characteristics are carried out at the same time, a 
DCF and a gain equalizer may be cascade connected for each of the respective 
bands. 
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By having the above described construction, then in addition to the 
operational effect for the case of the second embodiment, wavelength dispersion 
and dispersion slope or gain deviation between respective wavelengths are 
compensated for inside the optical amplifier. Hence the transmission characteristics 
of the WDM signal light can be improved. 

With the above described third embodiment, the construction is such that 
there is provided a compensation optical device for each of the respective bands. 
However for example as shown in FIG. 6, a compensation optical device 6CL which 
can perform compensation for the C band and the L band collectively, may be also 
provided between the multiplexer 4 and the terminal OUT. 

Next is a description of a fourth embodiment of the present invention. 

With the fourth embodiment, the case is considered where for example in the 
second embodiment described above, automatic level control (ALC) for controlling 
the output from the optical amplifier to be constant, and automatic gain control 
(AGC) for controlling the gain in the optical amplifier to be constant, are executed. 

FIG. 7 shows a structural example of an optical amplifier according to the 
fourth embodiment. 

In FIG. 7, the present optical amplifier is constructed such that there is 
provided an AGC circuit 30 for the L band optical amplifying section 3, and there is 
provided an ALC circuit 50 for the C/L band optical amplifying section 5. 

The AGC circuit 30 uses a signal for where a part of the L band optical signal 
for input to the L band optical amplifying section 3 is branched by an optical coupler 
30A, and photoelectrical ly converted by a photodetector 30B, and a signal for where 
a part of the optical signal output from the L band optical amplifying section 3 is 
branched by an optical coupler 30C and photoelectrical^ converted by a 
photodetector 30D, to compute a gain in the L band optical amplifying section 3, and 
outputs to the L band optical amplifying section 3, a control signal for controlling the 
amplification operation so that this gain becomes constant. In the L band optical 
amplifying section 3 which receives the control signal from the AGC circuit 30, for 
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example the injection current or the like of the excitation light source 3D is adjusted 
according to the control signal. 

The ALC circuit 50 compares the signal for where a part of the WDM signal 
light output from the multiplexer 4 is branched by an optical coupler 50A and 
photoelectrical^ converted by a photodetector 50B, with a previously set reference 
signal, and outputs to the C/L band optical amplifying section 5, a control signal for 
controlling the amplification operation so that the level of the WDM signal light output 
from the present optical amplifier becomes constant. In the C/L band optical 
amplifying section 5 which receives the control signal from the ALC circuit 50, for 
example the injection current or the like of the excitation light source 5C is adjusted 
according to the control signal. 

As described above, with the fourth embodiment, in addition to the effect for 
the case of the second embodiment, by subjecting the L band optical amplifying 
section 3 to AGC operation, then even in the case where the input light level of the L 
band changes, fluctuations in the gain wavelength characteristics are suppressed. 
Hence stable optical amplification can be performed. Furthermore, by monitoring 
the output optical level and subjecting the C/L band optical amplifying section 5 to 
ALC operation, then even in the case where the input light level to the present 
optical amplifier changes, a constant level WDM signal light can be output. Hence 
stabilized amplification repeater transmission for the WDM signal light becomes 
possible. 

With the above fourth embodiment, the case is shown for where AGC and 
ALC are executed concurrently, however control with only one of AGC and ALC can 
be applied. Furthermore, for the first and third embodiments also, AGC and ALC 
may be similarly executed. In the case where ALC is applied to the first embodiment, 
the respective amplification operation for the C band optical amplifying section 2 and 
the L band optical amplifying section 3 may be adjusted in accordance with the 
control signal of the ALC circuit. 

Next is a description of a fifth embodiment of the present invention. 

With the above described first through fourth embodiments, a part of the 
excitation light of the 1480nm band supplied to the EDF is used to produce Raman 
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amplification with respect to the L band optical signal, to thereby improve the optical 
SN ratio for the L band. With the fifth embodiment, a technique is described for 
adding an improvement from the viewpoint of simplification of the construction in a 
conventional optical amplifier which collectively amplifies the C band and the L band 
optical signals. 

FIG. 8 is a block diagram showing a basic construction of an optical amplifier 
according to the fifth embodiment. 

In FIG. 8, the present optical amplifier is constructed with the C band optical 
amplifier in the conventional construction shown in FIG. 24 omitted, and the function 
of this amplifier is provided in a pre-stage C/L band optical amplifying section 5' and 
a C/L ratio control section 7 serving as an optical power deviation control device is 
provided for controlling a balance between the C band optical signal power and the L 
band optical signal power. A demultiplexer 1 for demultiplexing the WDM signal light 
output from the C/L band optical amplifying section 5' into a C band and an L band, 
an L band optical amplifying section 3 corresponding to a post-stage optical 
amplifying device, and a multiplexer 4 for multiplexing the demultiplexed C band 
optical signals and the L band optical signals which have been amplified by the L 
band optical amplifying section 3, are the same as the components used in the 
aforementioned first embodiment. 

The C/L band optical amplifying section 5' corresponding to the pre-stage 
optical amplifying device, comprises for example an optical isolator 5E, a WDM 
coupler 5F, an EDF 5G, and an excitation light source (LD) 5H. 

The optical isolator 5E is a device for passing only light in a direction from the 
terminal IN towards the WDM coupler 5F. The WDM coupler 5F couples the WDM 
signal light which has passed through the optical isolator 5E with excitation light from 
the excitation light source 5H, and supplies this to the EDF 5G from the front side. 
For the EDF 5G, similarly to the EDF 5A used in the beforementioned second 
embodiment (FIG. 4), the length etc. is optimized so as to have an amplifying band 
for both the C band and the L band. The excitation light source 5H is a typical light 
source for generating excitation light of a wavelength band (for example a 980nm 
band or a 1480nm band etc.) which can excite the erbium inside the EDF 5G. Here 
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the construction is for a forward excitation type, however a construction for a 
backward excitation type or a bidirection excitation type is also possible. 

The C/L ratio control section 7 outputs a control signal for controlling the 
amplification operation of the L band optical amplifying section 3 based on a signal 
for where a part of the optical signal of the C band output from the demultiplexer 1 is 
branched by an optical coupler 7A and photoelectrical^ converted by a 
photodetector (PD) 7B, and a signal for where a part of the optical signal output from 
the L band optical amplifying section 3 is branched by an optical coupler 7C and 
photoelectrical converted by a photodetector 7D. Here the optical coupler 7A and 
the photodetector 7B correspond to a first power monitor device, and the optical 
coupler 7C and the photodetector 7D correspond to a second power monitor device. 

With the optical amplifier of the above described construction, the WDM 
signal light which has been input via the terminal IN is sent to the C/L band optical 
amplifying section 5', and the respective optical signals of the C band and the L band 
are collectively amplified. By means of the amplifying affect of the C/L band optical 
amplifying section 5', the C band optical signal is amplified to a required output level 
or above. Furthermore, for the L band optical signal, the insertion losses in at least 
the post-stage demultiplexer 1 are compensated for. 

The WDM signal light output from the C/L band optical amplifying section 5' is 
demultiplexed for each of the respective bands by the demultiplexer 1 , and the L 
band optical signals are sent to the L band optical amplifying section 3. In the L 
band optical amplifying section 3, the L band optical signals are amplified to a 
required level by induced emission. 

Then, the C band optical signals which have been demultiplexed by the 
demultiplexer 1 , and the L band optical signals which have been output from the L 
band optical amplifying section 3 are passed through the optical couplers 7A and 7C, 
respectively, and then multiplexed by the multiplexer 4, and output from the terminal 
OUT. Together with this, a part of these optical signals is branched by the optical 
couplers 7A and 7C and then sent to the C/L ratio control section 7 via the 
photodetectors 7B and 7D. In the C/L ratio control section 7, a control signal is 
output for controlling the amplification operation of the L band optical amplifying 
section 3 based on signals from the respective photodetectors 7B and 7D, so that 
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the C band optical signal power and the L band optical signal power become a 
previously set ratio. More specifically, for example in the case of a situation where a 
32 channel optical signal is used for the C band, and a 16 channel optical signal is 
used for the L band (to make the optical power of the respective channels the same), 
a control signal is generated for controlling the amplification operation of the L band 
optical amplifying section 3 so that the ratio of the C band optical signal power and 
the L band optical signal power becomes constant at 2: 1 . In the L band optical 
amplifying section 3 which has received the control signal from the C/L ratio control 
section 7, for example the injection current or the like of the excitation light source 
3D is adjusted according to the control signal. 

In the above manner, the construction is such that, in the fifth embodiment, 
for the C/L band optical amplifying section 5' provided in the input stage, the 
construction is such that the C band optical signal is amplified to a sufficient level, 
while the L band optical signal, only for the insufficient gain portion, is amplified by 
the post-stage L band optical amplifying section 3. As a result, simplification of the 
construction compared to for the conventional optical amplifier can be achieved. 
This is particularly useful when the installation space or power consumption is limited, 
such as in the case for example where the optical amplifier is employed as an 
undersea repeater, since the number of parts for the excitation light source can be 
reduced. However, the optical amplifier of the present invention is not limited to the 
above use. For example by enabling control of the balance of the optical power of 
the C band and the L band, the optical amplification of the respective bands can be 
carried out more stably, and also it is possible to flexibly correspond for example to 
changes etc. in the channels used for the respective bands. 

With the fifth embodiment, the construction is such that balance control is 
performed for the optical power of the C band and the L band. However with a 
system construction where such control is not necessary, the C/L ratio control 
section 7, the optical couplers 7A and 7C and the photodetectors 7B and 7D can be 
omitted. 

Next is a description of a sixth embodiment of the present invention. 

With the sixth embodiment, the case is considered where in the fifth 
embodiment, compensation for the wavelength dispersion and dispersion slope, or 
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compensation for the gain wavelength characteristics can be executed inside the 
optical amplifier. 

FIG. 9 shows a structural example of an optical amplifier according to the 
sixth embodiment. 

In FIG. 9, the construction of the present optical amplifier, as with the case of 
the third embodiment described above, is such that compensation optical devices 
6C and 6L are respectively provided on the light transmission paths corresponding 
to the respective bands between the demultiplexer 1 and the multiplexer 4. Here the 
compensation optical device 6C corresponding to the C band is inserted between 
the demultiplexer 1 and the optical coupler 7A, while the compensating optical 
device 6L corresponding to the L band is inserted between the L band optical 
amplifying section 3 and the optical coupler 10. For the respective compensating 
optical devices 6C and 6L, for example, these may be typical optically passive parts 
such as a dispersion compensating fiber (DCF) or a fiber grating, or these may be 
known gain equalizers. The insertion position for the respective compensation 
optical devices 6C and 6L is not limited to the above mentioned positions, and these 
may be optionally positioned on the respective light transmission paths between the 
demultiplexer 1 and the multiplexer 4. 

In this manner, with the sixth embodiment, in addition to the operational effect 
for the case of the fifth embodiment, wavelength dispersion and dispersion slope or 
gain deviation between respective wavelengths is compensated inside the optical 
amplifier. Hence the transmission characteristics of the WDM signal light can be 
improved. 

With the above described sixth embodiment, the construction is such that 
there is provided a compensation optical device for each of the respective bands. 
However for example as shown in FIG. 10, a compensation optical device 6CL 
which can perform compensation for the C band and the L band collectively, may be 
also provided between the multiplexer 4 and the terminal OUT. 

Next is a description of the seventh embodiment of the present invention. 
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With the seventh embodiment, the case is considered where in the fifth 
embodiment described above, automatic level control (ALC) for controlling the 
output from the optical amplifier to be constant, and automatic gain control (AGC) for 
controlling the gain in the optica! amplifier to be constant are executed. 

FIG. 1 1 shows a structural example of an optical amplifier according to the 
seventh embodiment. 

In FIG. 11, the present optical amplifier is constructed such that there is 
provided an ALC circuit 50 and an AGC circuit 51 for the C/L band optical amplifying 
section 5'. The ALC circuit 50, as with the case of the fourth embodiment, compares 
the signal for where a part of the WDM signal light output from the multiplexer 4 is 
branched by an optical coupler 50A and photoelectrically converted by a 
photodetector 50B, with a previously set reference signal, and outputs to the C/L 
band optical amplifying section 5\ a control signal for controlling the amplification 
operation so that the level of the WDM signal light output from the optical amplifier 
becomes constant. 

The AGC circuit 51 uses a signal for where a part of the WDM signal light for 
input to the C/L band optical amplifying section 5' is branched by an optical coupler 
51 A, and photoelectrically converted by a photodetector 51 B, and a monitor signal 
for the output light used in the ALC (the signal via the optical coupler 50A and the 
photodetector 50B), to compute a gain in the overall optical amplifier, and outputs to 
the C/L band optical amplifying section 5', a control signal for controlling the 
amplification operation so that this gain becomes constant. 

In the C/L band optical amplifying section 5' which receives the respective 
control signals from the ALC circuit 50 and the AGC circuit 51 , for example the drive 
condition or the like of the excitation light source 5C is adjusted according to the 
respective control signals. 

In the above manner, with the seventh embodiment, in addition to the 
operational effect for the case of the fifth embodiment, by operating the C/L band 
optical amplifying section 5' under the control of ALC and AGC, then even in the 
case where the input optical level changes, a constant level WDM signal light can be 
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output Moreover, changes in the gain wavelength characteristics can be 
suppressed, and amplification of the WDM signal light can be stably performed. 

With the seventh embodiment, the case is shown for where AGC and ALC 
are executed concurrently, however control with only one of AGC and ALC can be 
applied. Furthermore, the C/L band optical amplifying section 5' is constructed for 
AGC operation. However the L band optical amplifying section 3 may be for AGC 
operation. More specifically, as shown in FIG. 12, an AGC circuit 30 may be 
provided, and a signal for where a part of the light signal for input to the L band 
optical amplifying section 3 is branched by an optical coupler 30A, and 
photoeiectrically converted by a photodetector 30B, and a monitor signal of the L 
band used in the C/L ratio control (the signal via the optical coupler 7C and the 
photodetector 7D), are used to compute a gain in the L band optical amplifying 
section 3, and a control signal for controlling the amplification operation so that this 
gain becomes constant then is sent from the AGC circuit 30 to the L band optical 
amplifying section 3. Furthermore, the above mentioned construction of FIG. 11 or 
FIG. 12 may also be applied to the sixth embodiment 

Next is a description of an eighth embodiment of the present invention. 

With the eighth embodiment, the description is given for the case where the 
first through fourth embodiments which use Raman amplification, and the fifth 
through seventh embodiments with simplified construction, and for which balance 
control for each band is possible, are combined together. 

FIG. 13 is a block diagram showing a basic construction of an optical 
amplifier according to the eighth embodiment. 

As shown in FIG. 13, with the present optical amplifier, the C band optical 
amplifying section 2 in the construction of the second embodiment shown in FIG. 4 
is omitted, and the function of this amplifying section is provided in a pre-stage C/L 
band amplifier section 5. Moreover, as with the case of the fifth embodiment, there 
is provided the C/L ratio control section 7, the optical couplers 7A and 7C, and the 
photodetectors 7B and 7D, and balance control is performed for the optical power of 
the C band and the L band. 
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The construction of the C/L band optical amplifying section 5, as with the 
case of the second embodiment, is such that a part of the excitation light of the 
1480nm band supplied from the rear side to the EDF 5A, is leaked out to the 
transmission path L via the terminal IN. For the transmission path L connected to 
the optical amplifier is an optical fiber where the non-linear effective cross section is 
small compared to the 1.3pm zero dispersion SMF so that Raman amplification can 
be easily produced, and is at least used on the side connected to the terminal IN of 
the optical amplifier. 

With the optical amplifier of the abovementioned construction, due to the 
excitation light of the 1480nm band leaked out to the transmission path L from the 
C/L band optical amplifying section 5, Raman amplification is produced in the 
transmission path L with respect to the L band optical signals, and the WDM signal 
light which contains the L band optical signals which have been Raman amplified, is 
input to the C/L band optical amplifying section 5 via the terminal IN, and the 
respective optical signals of the C band and the L band are collectively amplified by 
the induced emission. 

The WDM signal light output from the C/L band optical amplifying section 5 is 
demultiplexed for each of the respective bands by the demultiplexer 1, and the L 
band optical signals are sent to the L band optical amplifying section 3 and amplified 
to a required level by induced emission. Then, the C band optical signals 
demultiplexed by the demultiplexer 1, and the L band optical signals output from the 
L band optical amplifying section 3, are multiplexed by the multiplexer 4 and output 
to the transmission path L via the terminal OUT. Moreover, a part of these optical 
signals are sent to the C/L ratio control section 7 via the optical couplers 7A and 7C, 
and the photodetectors 7B and 7D respectively, and balance control of the C band 
and the L band is executed. 

In this way, with the eighth embodiment, by having the construction where the 
C band optical signal is amplified to a sufficient level in the C/L band optical 
amplifying section 5, using the C/L band optical amplifying section 5 of a 
construction where the excitation light of the 1480nm band leaks out to the 
transmission path L, while the L band optical signal, only for the insufficient gain 
portion, is amplified by the post-stage L band optical amplifying section 3, an optical 
amplifier where an improvement is achieved in the optical SN ratio for the L band 
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optical signal by the Raman amplification in the transmission path L, can be realized 
with a simple construction. As a result, an optical amplifier of reduced power 
consumption which can collectively amplify wide band WDM signal light, with 
excellent characteristics can be provided. Furthermore, by enabling balance control 
of the C band and the L band, optical amplification for the respective bands can be 
more stably performed, and can also flexibly correspond to changes etc in the 
channels being used. 

As with the case of the sixth embodiment, while not shown in the figure, 
compensation optical devices are respectively provided corresponding to each band, 
and compensation for the wavelength dispersion and dispersion slope, or 
compensation for the gain wavelength characteristics can be executed inside the 
optical amplifier. 

Furthermore, as with the case of the seventh embodiment, at the time of 
executing ALC and AGC, the construction as shown in FIG. 12 is suitable. As 
shown in FIG. 11, with the construction where the C/L band optical amplifying 
section is AGC operated, in order to monitor the input level it is necessary to insert 
an optical coupler at a pre-stage of the C/L band amplifier section. However, since 
excitation light from the C/L band optical amplifying section towards the transmission 
path is attenuated by the optical coupler, there is a situation where application of the 
construction shown in FIG. 11 to the eighth embodiment is difficult. 

Next, for the abovementioned eighth embodiment, specific structural 
examples are further enumerated hereunder corresponding to an up line and a down 
line. Components of the down line corresponding to the up line are denoted by the 
same reference numerals. 

With a structural example (1) of the optical amplifier shown in FIG. 14, the 
construction is such that for the basic construction shown in FIG. 13, there is 
provided compensation optical devices (here for example gain equalizers) 6C and 
6L corresponding to the respective bands, and the C/L band optical amplifying 
section 5 is ALC operated. These constructions are provided respectively to the up 
line and the down line. For the excitation wavelength of the L band optical 
amplifying section 3, either the 980nm band or the 1480nm band may be selected. 
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In the case of the 980nm band, a low noise and low power consumption are possible, 
while with the 1480nm band, a high output is possible. 

With the abovementioned construction, C band and L band optical 
amplification can be executed with as little as four excitation light sources for the up 
line and down line, and the improvement effect in optical SN ratio of the L band due 
to Raman amplification is also obtained. Furthermore, a constant level WDM signal 
light can be output by ALC operation, and balance control of the optical power of the 
C band and the L band is also possible. Moreover, this construction also has the 
advantage in that the up line and down line can be controlled independently and 
individually. 

A structural example (2) of the optical amplifier shown in FIG. 15 achieves an 
improvement in the excitation efficiency by having the L band optical amplifying 
section as a bidirection excitation type construction. Here, for the respective up and 
down lines, excitation light of the 980 nm band output from the excitation light source 
3D is supplied from the front side to the EDF 3C via the optical coupler 3B. 
Moreover, excitation light of the 1480 nm band output from an excitation light source 
3H which is used in common for the up and down lines, is supplied from the rear 
side to the EDF 3C via optical couplers 3G and 3F. 

With the above described construction, by adding one excitation light source 
of the 1480nm band to the structural example (1) shown in FIG. 14, then for the 
respective up and down lines, L band optical amplification with excellent excitation 
efficiency can be realized. Other operational effects are the same as for the case of 
structural example (1 ). 

Here, with the above described example, the construction is such that the 
rear excitation light source of the L band optical amplifying section is used in 
common for the up and down lines. However instead of this, for example as shown 
in FIG. 16, an excitation light source 5C of the 1480nm band between the C/L band 
optical amplifying section and the L band optical amplifying section, may also be 
used in common with each of the up line and the down line. 

A structural example (3) of the optical amplifier shown in FIG. 17, achieves an 
improvement in the noise figure by having a construction of a bidirection excitation 
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type where front excitation light is supplied to the C/L band optical amplifying section. 
Here, for the respective up and down lines, excitation light of the 980nm band output 
from the excitation light source 3D is branched in two by an optical coupler 3H, and 
the branched respective excitation lights are supplied from the front side to the EDFs 
5A and 3C via optical couplers 51 and 3B. Further, the branching ratio for the optical 
coupler 3H is set so that the excitation optical power supplied to the L band optical 
amplifying section is greater than the excitation optical power supplied to the C/L 
band optical amplifying section. 

With the abovementioned construction, a part of the excitation light used for L 
band optical amplification, is used as front excitation light for the C/L band optical 
amplifying section. In this way, the noise figure for the C/L band optical amplifying 
section can be improved without increasing the number of excitation light sources. 
Other operational effects are the same as for the case of structural example (1). 

In the case where an excitation light of the 1480nm band is used for L band 
optical amplification, then for example as shown in FIG. 18, an excitation light source 
5J of the 980nm band may be separately provided for front excitation of the C/L 
band optical amplifying section. 

A structural example (4) of the optical amplifier shown in FIG. 19 is one where 
the structural example (2) shown in FIG. 15 and the structural example (3) shown in 
FIG. 17 are combined together. By having this construction, an improvement in the 
excitation efficiency of the L band optical amplifying section, and an improvement in 
noise figure of the C/L band optical amplifying section can be achieved. 

A structural example (5) of the optical amplifier shown in FIG. 20 is one where 
for example with the structural example shown in FIG. 18, the front excitation light 
source of the C/L band optical amplifying section is made a redundant construction. 
Here, the front excitation light used in the respective up and down C/L band optical 
amplifying sections, at the time of normal operation, is supplied from the normal 
excitation light source 5J of the 980nm band via an optical coupler 5K, and in the 
case where an abnormality occurs in the normal excitation light source 5J, there is 
made a switching to a standby excitation light source 5J' of the 980nm band. 
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With the above construction, since one of the excitation light sources of the 
C/L band optical amplifying section is made redundant in the up and down lines, a 
fail-safe optical amplifier construction can be realized. Other operational effects are 
the same as for the case of structural example (3). 

A structural example (6) of the optical amplifier shown in FIG. 21 is one where 
the structural example shown in FIG. 16 and the structural example shown in FIG, 
20 are combined together, and the number of excitation light sources is thus 
reduced. More specifically, for each of the up and down lines, the rear excitation 
light source of the C/L band optical amplifying section, and the rear excitation light 
source of the L band optical amplifying section are used in common, and the 
excitation lights of the 980nm band output from the excitation light sources 5J and 
5J' of the redundant construction used in common in the up and down lines, are 
respectively supplied from the front side to the C/L band optical amplifying section 
and the L band optical amplifying section, via optical couplers 5Kand 5L. 

With the above described construction, with only four excitation light sources 
for the up and down lines, the C/L band optical amplifying section and the L band 
optical amplifying section can be made bidirection excitation type, respectively. 
Moreover, since the respective front excitation light sources are made redundant in 
the up and down lines, a fail-safe optical amplifier construction can be realized. 

In FIG. 21, the construction for the C/L ratio control section 7 for controlling 
the balance of the optica! power of the C band and the L band has been omitted. 
However depending on requirements for the balance control, the C/L ratio control 
section 7 may appropriately be provided. 

Moreover, the above described respective structural examples (1) through (6) 
are examples of specific structures for the eighth embodiment However the present 
invention is not limited to these structural examples. Moreover, with the respective 
structural examples, AGC is not executed. However the construction may be such 
that the respective L band optical amplifying sections for the up and down lines are 
AGC operated. In addition, specific structural examples for embodiments other than 
the eighth embodiment can be easily realized based on the respective structural 
examples (1) through (6) etc, and hence description here is omitted. 
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Here, is a description of a construction for the case where the respective 
optical amplifiers shown in the first through eighth embodiments are applied to a 
WDM optical repeater transmission system where a supervisory control signal is 
transmitted from an optical transmission terminal or the like to a repeater station, 

FIG. 22 is a block diagram showing a schematic construction of an optical 
amplifier provided with a processing function for a supervisory control signal. 

As shown in FIG. 22, a processing function for a supervisory control signal is 
realized for example by an optical coupler 8A provided between the C/L band optical 
amplifying section 5 and the demultiplexer 1, a photodetector (PD) 8B for converting 
signal lights branched by the optical coupler 8A into electrical signals, and a 
supervisory control processing section 8 for detecting a monitoring signal (SV 
command signal) sent from an optical transmission terminal side to a repeater 
station (optical amplifier), based on a signal from the photodetector 8B, and sending 
a modulation signal corresponding to a response signal (SV response signal) sent 
from the repeater station to an optical receiving terminal side, to the excitation light 
source 5C. Here the monitoring signal and the response signal are transmitted by 
superimposingly modulating the WDM signal light with a low frequency. 

The supervisory control processing section 8 discriminates information 
related to the transmission condition of the WDM signal light, based on the detected 
monitoring signal (for example the number of the channel being used, and the 
number of the channels etc.) and transmits this to the respective sections inside the 
optica! amplifier. Furthermore, this produces a modulation signal corresponding to 
the response signal showing discriminated information or the operating 
circumstances of the self-station. By modulating the excitation light source 5C 
according to this modulation signal, the response signal is superimposed on the 
WDM signal light. 

In this way, by providing the optical amplifier with a function for processing 
supervisory control signals, optical amplification corresponding to the transmission 
circumstances of the WDM signal light can be performed. 
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What we claimed are: 

1 . An optical amplifier for amplifying wavelength division multiplexed signal light 
which contains respective optical signals of a first wavelength band and a second 
wavelength band, comprising 

optical amplifying means for amplifying said wavelength division multiplexed 
signal light using a rare earth element doped fiber to which excitation light is supplied, 

wherein the excitation light used by said optical amplifying means has a 
wavelength capable of producing Raman amplification with respect to optical signals 
of said second wavelength band, and 

by supplying a part of said excitation light used in said optical amplifying 
means to a Raman amplification producing medium which forms at least a part of an 
external transmission path arranged on a pre-stage side of said optical amplifying 
means, wavelength division multiplexed signal light which contains optical signals of 
the second wavelength band which have been Raman amplified by said Raman 
amplification producing medium, are input to said optical amplifying means. 

2. An optical amplifier according to claim 1 , 

wherein there is provided demultiplexing means for demultiplexing said 
wavelength division multiplexed signal light into respective optical signals of a first 
wavelength band and a second wavelength band, and multiplexing means for 
multiplexing respective optical signals of the first wavelength band and the second 
wavelength band which have been demultiplexed by said demultiplexing means, 

said optical amplifying means has a first amplifying section for amplifying 
optical signals of the first wavelength band which have been demultiplexed by said 
demultiplexing means, and a second amplifying section for amplifying optical signals 
of the second wavelength band which have been demultiplexed by said 
demultiplexing means, and 

by supplying via said demultiplexing means a part of said excitation light used 
in said first amplifying section to said Raman amplification producing medium, 
optical signals of the second wavelength band which have been Raman amplified by 
said Raman amplification producing medium, are input via said demultiplexing 
means to said second optica! amplifying section. 

3. An optical amplifier according to claim 2, wherein when said first wavelength 
band is a 1550nm band and said second wavelength band is a 1580nm band, a 
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wavelength of the excitation light used in said first optical amplifying section contains 
a 1480nm band. 

4. An optical amplifier according to claim 3, wherein said first optical amplifying 
section comprises an erbium doped fiber, at least one excitation light source for 
generating excitation light of a 1480nm band, and an optical coupler for supplying 
excitation light generated by said excitation light source to said erbium doped fiber 
from a rear side, and a part of said excitation light is passed through said erbium 
doped fiber and said demultiplexing means and supplied to said Raman 
amplification producing medium. 

5. An optical amplifier according to claim 1, wherein there is provided 
demultiplexing means for demultiplexing said wavelength division multiplexed signal 
light into respective optical signals of a first wavelength band and a second 
wavelength band, and multiplexing means for multiplexing respective optical signals 
of the first wavelength band and the second wavelength band which have been 
demultiplexed by said demultiplexing means, 

said optical amplifying means has a pre-stage amplifying section for 
collectively amplifying said wavelength division multiplexed signal light input to said 
demultiplexing means, and a second optical amplifying section for amplifying only 
optical signals of the second wavelength band which have been demultiplexed by 
said demultiplexing means, and 

by supplying said excitation light used in a part of said pre-stage optical 
amplifying section to said Raman amplification producing medium, wavelength 
division multiplexed signal light which contains optical signals of said second 
wavelength band which have been Raman amplified by said Raman amplification 
producing medium are input to said pre-stage optical amplifying section. 

6. An optical amplifier according to claim 5, wherein when said first wavelength 
band is a 1550nm band and said second wavelength band is a 1580nm band, a 
wavelength of the excitation light used in said pre-stage optical amplifying section 
contains a 1 480nm band. 

7. An optical amplifier according to claim 6, wherein said pre-stage optical 
amplifying section comprises; an erbium doped fiber, at least one excitation light 
source for generating excitation light of a 1480nm band, and an optical coupler for 
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supplying excitation light generated by said excitation light source to said erbium 
doped fiber from a rear side, and a part of said excitation light is passed through said 
erbium doped fiber and supplied to said Raman amplification producing medium. 

8. An optical amplifier according to claim 1, wherein said Raman amplification 
producing medium is an optical fiber which is designed so that a non-linear effective 
cross section is small compared to a 1.3pm zero dispersion single mode fiber. 

9. An optical amplifier according to claim 1 , wherein said external transmission 
path is of a hybrid transmission path formed by connecting a positive dispersion fiber 
having a positive wavelength dispersion value and a positive dispersion slope with 
respect to a signal light wavelength band, and a negative dispersion fiber having a 
negative wavelength dispersion value and a negative dispersion slope with respect 
to the signal light wavelength band, and one end on the side of said negative 
dispersion fiber is arranged at an input side of said optical amplifying means and 
functions as said Raman amplification producing medium. 

10. An optical amplifier according to claim 1, wherein there is provided optical 
power constant control means for monitoring an output power of said wavelength 
division multiplexed signal light, and controlling an excitation light driving condition of 
said optical amplifying means so that said output power becomes constant. 

11 An optical amplifier according to claim 1, wherein there is provided gain 
constant control means for monitoring a gain in said optical amplifying means, and 
controlling an excitation light driving condition of said optical amplifying means so 
that said gain becomes constant. 

12 An optical amplifier according to claim 1, wherein there is provided 
supervisory control means for processing a supervisory control signal transmitted 
together with said wavelength division multiplexed signal light. 

13. An optical amplifier for amplifying wavelength division multiplexed signal light 
which contains respective optical signals of a first wavelength band and a second 
wavelength band comprising: 



34 



pre-stage optica! amplifying means for collectively amplifying respective 
optical signals of said first wavelength band and said second wavelength band for 
said wavelength division multiplexed signal light, 

demultiplexing means for demultiplexing the wavelength division multiplexed 
signal light which has been amplified by said pre-stage amplifying means into optical 
signals of a first wavelength band and optical signals of a second wavelength band, 

post-stage optical amplifying means for amplifying only optical signals of the 
second wavelength band which have been demultiplexed by said demultiplexing 
means, and 

multiplexing means for multiplexing optical signals of the first wavelength 
band which have been demultiplexed by said demultiplexing means, and optical 
signals of the second wavelength band which have been amplified by said post- 
stage optical amplifying means. 

1 4. An optical amplifier according to claim 1 3 comprising: 

first power monitor means for monitoring the optical signal power of the first 
wave |ength band which has been demultiplexed by said demultiplexing means; 

second power monitor means for monitoring the optical signal power of the 
second wavelength band which has been amplified by said post-stage optical 
amplifying means; and 

optical power deviation control means for controlling the operation of at least 
one of said pre-stage optical amplifying means and said post-stage optical 
amplifying means in response to the respective monitor results of the first and 
second power monitor means, so that the optical power deviation for the first and the 
second wavelength bands becomes constant. 

1 5. An optical amplifier according to claim 13, wherein said first wavelength band 
is a 1 550nm band, and said second wavelength band is a 1 580nm band. 

16. An optica] amplifier according to claim 13, wherein there is provided optical 
power constant control means for monitoring the optical power of the wavelength 
division multiplexed signal light output from said multiplexing means, and controlling 
the operation of at least one of said pre-stage optical amplifying means and said 
post-stage optical amplifying means so that said output power becomes constant. 



35 



17. An optical amplifier according to claim 13, wherein there is provided gain 
constant control means for monitoring a gain in said pre-stage optical amplifying 
means and said post-stage optical amplifying means, and controlling the operation 
of at least one of said pre-stage optical amplifying means and said post-stage optical 
amplifying means so that said gain becomes constant. 
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ABSTRACT 



An optical amplifier is provided for performing amplification of optical signals 
of two wavelength bands, where deterioration in the optical SN ratio relative to one 
wavelength band is reduced, with a simple construction which can deal with 
restrictions on installation space, power consumption and the like. To this end, the 
present optical amplifier has a C/L band optical amplifying section for amplifying 
respective optical signals of a C band and an L band, a demultiplexer for 

demultiplexing output light from the C/L band optical amplifying section into the C 
band and the L band, an L band optical amplifying section for amplifying L band 
optical signals which have been demultiplexed by the demultiplexer, and a 
multiplexer for multiplexing the C band optical signals which have been 
demultiplexed by the demultiplexer and the L band optical signals which have been 
amplified by the L band optical amplifying section. The construction is such that a 
part of excitation light of a 1480nm band used in the C/L band optical amplifying 
section is supplied via an input terminal to a Raman amplification producing medium 
of a transmission path, and Raman amplified L band optical signals are input to the 
C/L band optical amplifying section. 



FIG.1 



OPTICAL AMPLIFIER 



RAMAN 

AMPLIFICATION 
IN 



TRANSMISSION 
PATH L 



0— 



2C BAND OPTICAL AMPLIFYING SECTION 



r 



EDF U~ 



LD 



2D 

-2C 



^3 



3A < 3B 



,3C 



LD 



EDF 



3D 



4 
i 



C/L 



-0 

OUT 



3 L BAND OPTICAL AMPLIFYING SECTION 



FIG.2 



TRANSMISSION PATH L 



POSITIVE 

OPTICAL DISPERSION 

AMPLIFIER F1B ^ R 
1 




OPTICAL AMPLIFIER 



C BAND OPTICAL 
AMPLIFYING SECTION 



WDM 

SIGNAL 
LIGHT 



LEAKING 
EXCITATION 
LIGHT 



L BAND OPTICAL 
AMPLIFYING SECTION 



4 




J 



FIG.3 



POPULATION INVERSION RATE 




1450 1500 1550 1600 1650 
WAVELENGTH (nm) 



FIG.4 

OPTICAL AMPLIFIER 



RAMAN 

AMPLIFICATION 

ok 

IN 



TRANSMISSION 
PATH L 



5 C/L BAND OPTICAL 
j AMPLIFYING SECTION 



EDF 



LD 



5D 
5C 



4 

1 



3B- 



3C 



z 



3A 
L _ 



LD 



EDF 
3D 



J 



BAND OPTICAL 
AMPLIFYING SECTION 



o. 

CD 



LO 

(3 



LO 



6 



o 

CD 





LU 




O 






o 






g 


h— 




•< 




CO 




=z 




LU 


o 


D_ 






I— 


O 


D- 


O 


<*> 



2 55 

CO — 1 
LU O 

O Q- 





LU 




O 






0 


>■ 




LU 




O 






CO 


1 


2: 


■< 


LU 


O 


a. 






1— 


0 


D- 


0 


O 



'CD 





2 




O 




i — 


—1 


O 




LU 


0 


CO 


h— 




CU 


2= 


O 






>^ 


O 


LU 






^ 


-J 


GO 


Q_ 






—J 


■< 



o 

CD 



-CO 



CD 





LU 




CJ 






0 


>■ 




LU 


J— 


O 


«< 




CO 


I 






LU 


0 


Q_ 






1— 


O 




O 


O 





_^ 




0 










O 


0 




LU 




CO 






b 














>^ 




LU 


CO 






1 


_J 








0 





LU 
^ U 

o >- 
— LU 
1— Q 

CO -J 

z: «< 

LU O 

8 



■CD 









O 




1- 




<J> 


«< 


LU 


0 


CO 


i — 


0 


cu 




0 


— 








LU 


2= 




-< 


-J 


CD 


Q_ 






1 


■< 



0 



LO 



o o 

— LU 

t— CO 
Q_ 

O CD 

o — 

2: >- 

-< LU 

ca — 



=5" 



-J 
o 

CD 



< 



o 

CO 



CO 









o 






o 


>- 




LU 


1— 




-< 




CO 


—1 


s: 


<C 


UJ 


c_> 


Q_ 






I— 


1 


CL. 




o 



o 



CD 



H^— I £ I — ► 

LU h- 





LU 




o 






o 






LU 


I— 








CO 


—1 




<C 


LU 


o 








f— 


o 


0- 


o 


o 



o 

LU 
O CO 



<c o 

DC DC 



\ O 



CQ 



0 













! — 


_J 


O 


-<: 


LU 




CO 


h- 


o 


CL. 




O 






>- 




LL 






■< 


— 1 


CQ 


0- 




SS 


_I 


-< 





LU 




o 


z: 




o 


> 


h- 


LU 
O 


«< 




CO 


-J 




-< 


LU 


o 


Q_ 






1 — 


o 


O- 


o 


O 



< 



O 

CD 



CQ 



o 





LU 




o 






o 


>- 




UJ 


h- 


o 


-< 




CO 


-J 




■< 


LU 


o 


G_ 






h— 


o 


Cl. 


o 


o 



LO 









o 


— i 






1 — 


o 


EC 


1— 


CO 


CL. 




o 




o 






>^ 


<c 


LL. 


CO 


— 1 


-J 




o 





— g3 — I £ I — - 



CO 





LU 




o 






o 


> 




LU 


j— 




«< 




CO 


-J 




«< 


LU 


o 


Cl. 




£ 


1 — 


o 


Cl. 


o 


o 



00 



l 





=2 




o 




! — 




O 




LU 


o 


CO 


H- 


—J 


<C 


o 


dc 


DC 




h- 


— j 






o 


o 


o 









o 




1— 




o 


-< 


LU 


o 


CO 


1— 




Cl, 


:z 


o 






>• 




u_ 






«< 


—J 


CQ 


Q_ 






—J 


■< 



CJ> 

O 

UL 









o 


—J 




*e 


H— 


o 


O 




LU 


1— 


CO 


Q_ 




O 


o 










2= 


>- 


<C 


LL. 


CQ 






—I 


-J 


0- 




£ 


O 





<2 

u_ 



< 

o 

in 



~0- 



CQ 
o 

LO 



X 



m 7 



^1 



— 0— 



CO 



CL. 



O 

UJ 

o to 



-< o 

DC CC 



^8 



— 1 >- ^ 
O < LL. O 

2= O — ; -— 

<C — I h— 

CO 1 — CI- O 
CLSUJ 
JO<CO 



LO 



o 

22 — I >- 32 
-cC <C U- O 

coo-- 
uo<co 



< 

LO 



o 

lo* 



o 
=3* o 



=3 
O 
o CC 
o — 
■< o 



'LO 




CQ 
LO 



< 

o 
in 




< 



CD 
O 
LO 



Q 
Q_ 



1 




o 



O 



— 0— 



CO ■ 



Q- 



— 1 >- s 

o «< U- o 

Q.SLU 
-JO<W 



< 

o 

CO 




o 
o cc 
o — 



HZ- £ 



LO 



o 

'CO 



CD 

o 

CO 



CD 

-< ■< LL. O 
CQO-- 

oo<w 



o 
o en 



o 



o 
in 



o 



I 



o 



o 

LU 
CO 

O 



CL. 
<C 



o 



CO 



CO 









0 




h— 


_] 


0 


-< 


LU 


o 


CO 


i — 


0 


CL. 




o 






>- 


o 


LL. 


2: 




«c 


1 


CD 


Q- 








•< 



CO 

00 




o 

LO 
1 



LO 



m 

LO 



< 
IO 



CO 



CO 



IB 



o 

LO 



r 



o 

LU 



— 1 




0 


:z 


DC 


0 


i— 




^ 


>— 


O 


0 


O 


LU 




CO 


>- 




oc 




0 


^ 


CO 






CO 


> 


CO 




LU 


LU 


<J> 


Q_ 


O 


ZZ5 


DC 


CO 





□ 




CM 

(D 

LL. 



LU 
—J CO 
-< O _! 
Z Q. < 

ass 

CD 

CO oc — 
LU CO 

O ZD > 
3s CO CO 



CO 



X 
LU 



O 





2: 




3£ 




O 




O 








1- 


—I 


& 






-a: 


LU 






0 


CO 




0 «o 










i — 


0 




1- 0 




z: 




Q_ Z 


O 






O — 




>- 




>- 




LL. 




0 u_ 








— 


■< 


_J 






CO 


CL. 




83 ^ 










O 






-j <: 




DC 



CO Q 

C\J LJJ 

CD 3 

Ml 

LL. be 



FIG.24 

RELATED ART 



DEMULTIPLEXER 



C/L BAND OPTICAL 
AMPLIFYING SECTION 



-a 



C BAND OPTICAL 
AMPLIFYING SECTION 



MULTIPLEXER 



L BAND OPTICAL 
AMPLIFYING SECTION 



C/L 



PTO/S6V106{6^96) 
Approved for use through aOCV96. OMB 065 1 -0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no persons are required to respond to a collection of information unto** it dtspiays a valid OMB control number. 



Declaration and Power of Attorney For Patent Application 

Japanese Language Declaration 
BRISKS 

T"7;5=:^ 7) % k L T, fi.iii"l*F«iS 9 L sf. As a below narrv.d inventor. I hereby decia; 'hat: 



My residence, post office address and citizenship are as stated 
next to my name. 



t believe I am the original, first and sole inventor (rf onry or>e name 
is listed below) or an original, first and joint inventor Of pjuraf 
names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention emitted 

OPTICAL AMPLIFIER 



the specification of which is attached hereto unless the foifowmg 
box is checked: 



£ U 



Q was filed on _ 



as United States Application Number or 
PCT International Application Number 

and was amended on 

(if applicable}. 



I hereby state that I have reviewed and understand the contents of 
.he above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37. Code of Federal Regulations, 
Section 1.5S. 



Page 1 "t* 

Burden Hour Statement This Mrm «*{tnuitcd m r«k« 0 A hours to complete. Time vary depending u(hki the need* of" the individual case. Any comment* on th« 
nmtHint ot time you *rc required io complete (hi* form should he tent io the Chiet Information Officer. Patent irxJ Trademark Qffict. Washington, DC 2023 1 DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO Commi^wr of Patents and Trademarks. Wwhia^noa. DC 20231 . " 



PTO/S37t06(3-96) 
Approved for use through 9/3GS6. OMB 0^1-0032 
Patent and Trademark Ofnca; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 395, no persons are required to respond to a coiiectiort of information unless * displays a valid CMS control number. 



Japanese Language Declaration 



^'u-c'^o^^^^ 3 6 5 fa)^tfcsr<;^^a^ z 



Prior Foreign Application(s) 

(Number) 



JAPAN 



(Country) 



I hereby claim foreign priority under Trtie 35, United States Code, 
Section 113 fa) -(d) or 3€5{bfr of any foreign applications) for patent 
or inventor's certificate, or 365(a) of any PCT International 
application which designated at least one country other than the 
United States, fisted below and have also identified betow, by 
checking the box. any foreign appficatran for patent or inventor's 
certificate, or PCT International application having a fifing date 
before that of the application on which priority is ciairned. 

Priority Not Claimed 

28/09/1 999 

(Day/Month/Year Filed) D 



(Number) 



(Country) 



(Day/Month/Year Filed) 



□ 



I hereby ciairn the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application's) Hsted 
beiow. 



(Application No.) 
WIS**) 



(Filing Date) 



(Application No.) 



(Filing Date) 
(ttJSB ) 



is4*aTLi:i*K32tt$h,;tn»l. Xtt*B«:ff SLTv^ol^fls 
&Jj$>tt2 6 5 &(c] JCfilXflfillrC^^^L^i-. ■£ 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application^), or 365(c) of any 
PCT international application designating the United States, listed 
below and, insofar as the subject matter of each of the dawns of 
this application is not disclosed in the prior United States or PCT 
Internationa i application in the manner provided by the first 
paragraph of Titie 35, United States Code Section 1 12, I 
acknowledge the duty to discJose information which ts material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT International filing date of 
application. 



(Application No.) (Filing Date) (Status: Patented, Pending, Abandoned) 



(Application No ) (Filing Date) 

£ £ 'V n r; ffi % (7 > « ^ ,& u x -r ix > M^cotf^i 



(Status: Patented. Pending, Abandonee) 

1 hereby deciare that all statements made herein of my own 
knowledge are true and that aM statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and The like so made are punishable by fine or 
impnsanmeflf, or both, under Section 1001 of Titte IS of the 
United States Code and that such wiiifui faise statements may 
jeopardize the validity of the application or any patent isssj^d 
thereon. 
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Approved for um through 9/30/98. 0M8 0651-0032 
PXTt and Trademark Office; U.S. DEPARTMENT Of COMMERCE 
Under the Paperwork Reduction Act of 1 995, no parson* are required to resoond to a eoilection of information unless * display* a valid OM6 contra* number. 

Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor. I hereby appoint 
trve following attomey(s) and/or agent(s) to prosecute this 
application and transact all business tn the Patent and Trademark 
Office connected therewith (list n*mm and registration number) 



James D. Halsey, Jr., 22,729; Harry John Staas, 22,010; David M. Pitcher, 25,908; John C. Garvey, 28,607; J. Randall Beckers, 30,358; 
William F. Herbert, 31,024; Richard A. Gollhofer, 31,106; Mark J. Henry, 36,162; Gene M. Gamer II, 34,172; Michael D. Stein, 37,240; Paul 
I. Kravetz, 35,230; Gerald P. Joyce, 111, 37,648; Todd E. Marietta, 35,269; Harlan B. Williams, Jr., 34,756; George N. Stevens, 36,938; 
Michael C. Soldner, P-41,455 and William M. Schertier, 35,348 (agent) 

*c ft j£ Send Correspondence to: 



STAAS & HALSEY 

700 Eleventh Street, N.W. 

Suite 500 

Washington, D.C. 20001 



Direct Telephone Calls to: (name and re/eprtone numbmr) 



STAAS & HALSEY 
(202) 434-1500 





Full name of sole or first inventor 

Naomasa SHIMOJOH 






Inventor's s+gnature « 


Date 

03/08/2000 




Residence 

Kawasaki, JAPAN 






Citizenship 

JAPAN 






Post Office Address 

c/o FUJITSU LIMITED, 






1 -1 , Kamikodanaka 4-chome , 


Nakahara-ku, 




Kawasaki -shi, Kanagawa 21 1 - 


-8588 Japan 




Full name of second joint inventor, if any 

Takao NAITO 






Second inventor's signature 

~7frk<u, U tufas 


Date 

03/08/2000 


ffir* 


Residence 

Kawasaki, JAPAN 




mm 


iitcenship 

JAPAN 






Post Off*ce Address 

c/o FUJITSU LIMITED, 






1-1, Kamikodanaka 4-chome, 


Nakahara-Ku, 




Kawasaki -shi, Kanagawa 211 


-8588 Japan 



(3BH;^»0^(SI5ft91-fi"fCOt *r t»SIflfSC3£*t, (Supply similar information and signature for third and subsequent 

£ ~ > ) joint inventors.) 



